
American Mineralogist, Volume 94, pages 1653–1671, 2009

0003-004X/09/1112–1653$05.00/DOI: 10.2138/am.2009.3260	     1653 
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Abstract

The illitization reaction in a thick K-bentonite bed located in upper Cretaceous marine shale in the 
Montana disturbed belt was studied by X-ray diffraction, chemical analysis, and thermal gravimetric 
analysis. Modeling of the experimental XRD patterns from oriented clay specimens in air-dried and 
glycolated states shows that at each sample location in the bentonite bed a mixture of R0 illite-smectite 
(I-S) and R1 I-S coexist. Each of these phases in all samples consists of the same or similar content 
of illite and expandable layers independent on location in the bed. In particular, the illite content in 
the R0 I-S and the R1 I-S from the <0.5 µm fractions is equal to 30 and 62%, respectively. The main 
difference between the samples at different locations is the different weight concentrations of the 
coexisting I-S phases. The R1 I-S content decreases progressively from the lower and upper contacts 
of the bed to its center. The reverse trend was observed for the R0 I-S. The layer unit-cell parameter b 
increases from samples located near the middle of the bed toward samples near the bed margins. The 
DTG patterns of the samples contain two endothermic maxima at about 640 and 470 °C, corresponding 
to cis-vacant (cv) illite and trans-vacant (tv) smectite layers coexisting in the R1 I-S and R0 I-S. 

Analysis of the crystal-chemical features of the R1 I-S and R0 I-S shows that, in the middle of 
the bed, both phases are characterized by the lowest octahedral Mg and the highest tetrahedral Al 
contents. In the structural formula of the R1 I-S, the tetrahedral Al content is significantly higher than 
the (K+Na) content independent of sample location. In contrast, tetrahedral Al in the R0 I-S located 
near the bed boundaries is lower compared with (K+Na) content.

To account for the crystal-chemical features of the coexisting I-S, a first assumption is that the 
initial volcanic ash was altered into tv smectite having a homogeneous Al-rich composition through-
out the bed. Second, along with K, the active role in illitization was controlled by Mg. Mineralogical 
zonation of the K-bentonite is explained by the progressive migration of K from the margins toward 
the bed center with the associated decrease of K cations in the pore fluids. However, the decrease in 
K concentration was accompanied by a successive increase in R0 I-S content, but not a progressive 
decrease in illite layer content in a single I-S phase. The main role of Mg was to redistribute octahedral 
and tetrahedral Al in the 2:1 layers of the R0 I-S and R1 I-S in such a way that the amount of Al in 
the tetrahedral sheets increased at the expense of the substitution of Mg for Al in the octahedral sheet 
of the 2:1 layers in the initial smectite.

These results demonstrate a new insight into mineralogical sequences of intermediate members of 
smectite illitization. Instead of a statistically homogeneous and continuous reaction associated with the 
increase of illite layers in I-S and the simultaneous increase of order of the layer stacking sequence, 
the illitization reaction in the thick K-bentonite consists of the formation of a physical mixture of 
two I-S having a contrasting content of layer types and their distribution. Factors responsible for the 
formation of the coexisting R0 I-S and R1 I-S are discussed.
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Introduction

The illitization of smectite consists of the formation of illite 
from smectite through intermediate mixed-layered illite-smectite 
(I-S) structures. This transformation is one of the most important 
mineralogical reactions occurring in sedimentary basins during 
burial diagenesis, as well as in active and fossil hydrothermal sys-
tems, in conditions of contact metamorphism, and metasomatic 
alteration of bentonites (Środoń 1999). Several mechanisms for 

the formation of I-S in different geologic environments have 
been proposed (e.g., Schroeder 1992). However, as was noted 
by Altaner and Ylagan (1997) smectite illitization can be ap-
proximated by two main mechanisms: solid-state transformation 
(SST) and dissolution-precipitation (DP). The first mechanism 
describes illitization in the solid state as a result of layer-by-layer 
replacement (Shutov et al. 1969; Hower et al. 1976). The second 
mechanism involves dissolution of smectite followed by precipi-
tation of a newly formed I-S (Ahn and Peacor 1985; Nadeau et al. 
1984; Inoue 1986; Środoń et al. 1999, 2000). The main structural, * E-mail: dmccarty@chevron.com


